Exchange effects in 2 H, 3 He, induced by a one-pion exchange potential between quarks, are investigated in the context of a QCDlike potential model. For reasonable nucleon quark core sizes and ~qq vertices such that the pion pl~s a non-negligible role in nucleon structure, these effects are found to be effectively repulsive and of a magnitude significant on the scale of nuclear binding.
-3-
Introduction
The role of one-pion exchange (OPE) in generating the longrange part of the NN interaction is well known. P-wave NN scattering lengths, the asymptotic D/S. ratio, "1, . and quadrupole moment, Q, of the deuteron, all of which are primarily sensitive to large NN separations, are accurately pionic, sufficiently so in the case of~· Q to provide also a test of the presence of OPE at intermediate dis-
tances1l. In addition, even in the presence of residual quark forces, a significant portion of the point-like OPE tensor force appears necessary down to rNN-0(1 fm) in order to understand the deuteron binding2l. The notion that OPE forces can be generated from an effective KNN coupling, however, is clearly valid only at large rNN' where exchange overlaps are exponentially suppressed. In the language of the bag model, and, assuming the bag surface is not infinitely stiff, one expects antisymmetrization (exchange) effects to be important at internucleon distances such that two nucleon bags either overlap or have surface separation of order the typical zero point surface motion, the result being that, at such separations, the notion of awNN coupling is ill-defined. by Shuryak 7 ) in response to the observation that the vacuum gluon energy density extracted from QCD sum rules is an order of magnitude greater than the volume energy constant of the bag, is in agreement with both the estimate of AX obtained from an analysis of K-t3w using effective chiral Lagrangians 8 ) and the rather large value of mn 2 when measured on the scale of the light current quark masses. Since the emergence of the pion is naturally associated with the spontaneous breakdown of chiral symmetry, the resulting effective theory involves constituent quarks (whose scale size is expected to be a few tenths of a fermi) interacting with both pions and gluons 6 l. In what follows we investigate the consequences of the existence of OPEE effects for the binding of light nuclei. For simplicity we will consider only~ and 3 He and restrict ourselves to the·symm-etric s-wave component of the nuclear wavefunction. D-wave effects, which, owing to the possible coherence of one-gluon and one-pion exchange tensor forces, are of considerable interest, particularly in 3 . tightly bound nuclei such as He, will be the subject of a future report, The calculation is performed in the potential model framework, although from the usual machinery of QCD-inspired potential models we require only the resulting nucleon wavefunction. The primary impetus for this choice is the associated flexibility in representing spatial exchange matrix elements, for which the usual boundary condition segregation of one-bag and two-bag regimes provides only a ... 
The Model
We take, for the nucleon wavefunction, 
\ t:. {t~-~t)'t/Ji -(~4+!5+!6l/ 3 l/J6 (12) In (11) 
·~ -> For our purposes V is given by
where V~ is the OPE potential between quarks i and j. The first terms in (13) , (14) contain the pionic contributions to the masses of the constituent nucleons plus the regulated OPE interactions be- (18) tween them; the second, the induce~ non-local two-nucleon interactions plus the effects of delocalization on interactions involving quarks in the remaining "spectator" nucleon 14 ). The last three terms in (14) correspond to induced non-local three-nucleon forces, the contributiona to binding of which will be considerably less than that of the single-exchange induced two-body force 14 >, and so neglected in what follows.
Given the form of V~, to be discussed below, one may readily evaluate the necessary spin, color and isospin matrix elements. The only difficulties lie in the spatial sector. Since we are interested in exchange effects it is the short distance behavior of the nuclear 
calculation exists so we instead resort to wavefunctions of the form . 
.C.<J (21) where _B, !! are the nuclear Jacobi coordinates, as in (12), ,Bij is the separation of nucleons i and j, and N is a normalization constant. In order to proceed we need to specifY the form of V~. The leading chiral quark model nqq coupling is pseudovector 6 ), equivalent, in the weak binding limit, in which the quarks are taken to be approximately on mass shell, to a pseudoscalar form. We, therefore, take V~ to be the usual static pseudoscalar OPE potential
where the factor F(r) arises as a result of form factors at the~qq (23) . . . _. ----. Let us begin by using a monopole vertex form factor
The form (28) represents a rather soft suppression of the pion field, and, in consequence, produces a rather larger effect in the baryon spectrum than would a sharper cutoff of equivalent range. As we will see below, this observation, coupled with the lack of quantitative criteria for choosing the sharpness. of the field suppression, some- 
Neglecting three-body terms in (14), (16) and evaluating spin, color 2 2 and isospin factors the normalization factors N 2 and N 3 of (15) Table 1 .
An understanding of the implications of the results of (32)- (35) for few nucleon systems is greatlY facilitated by the following characterization of the terms therin. Since, in (32), (34), we may specify which quarks "belong" to which nucleons, it is clear that the v 12 , v 36 terms generate the pionic mass shifts of the constituent nucleons and the NN OPE potentials, respective~. These are standard effects, present even in the absence of exchange contributions, are in which we are, therefore, not interested per ~· Note that for Jtinteractions which produce 10% or. more of the A-N splitting from OPE forces the former is much greater than the latter; as a result we restrict ourselves to this limit for the sake of the ensuing discussion, The " z -..,.
.> -17-matrix elements (32), (34) enter (13), (14) not as is, but multiplied -1 2 by the factor (l+YB} (•1-VB for small B), where V= 1/9,1/3 for H, 3 He, respectively. Since the pionic mass shift of the nucleon is negative, the presence of the normalization factors in (13), (14), therefore, tends to unbind the nuclear system. This is a simple consequence of the delocalization necessitated by quark antisymmetry.
Similarly, the v 78 term of (35), which depends only on the exchange overlap factor for the particular nuclear state and the expectation of V~j for quarks i and j in an isolated nucleon, results purely from delocalization. We combine these two contributions into a single exchange delocalization effect. Given the pionic contribution to the nucleon mass such effects depend only on the exchange overlap. The v 17 , v 37 terms of (35) are less unambiguously interpreted. One might plausibly consider them as either delocalization effects on the NN OPE force or true exchange interactions. In practice these terms turn out to be small and are grouped together with the remaining terms of (35), v 12 , v 13 , v 14 and v 36 which, as in (33), generate the non-local twonucleon force. We label such terms, generically, exchange interaction effects, and note that they are more sensitive to details of theOPE force than are the corresponding delocalization contributions. Note that while the three-body terms which we are neglecting in (14) are certainly small compared to the single exchange terms, (35), they may 14) nonetheless be of order a few hundred keV in magnitude and play some role in understanding the three-nucleon binding discrepancy.
• -18-Let us now turn to the actual results. We begin with the deuteron, where, as expected, the effects are relatively small due to the diffuse structure of the nuclear wavefunction. Figure 1 As one might guess from its considerably smaller size, exchange effects in 3 He are much enhanced over those in the deuteron. , Figure   2 displays the results for the model wavefunctions I and II of (21) and (22) 
... , _). there appears no way they may be made small, short of employing nucleon quark cores considerably smaller than .5 fm or models in which the pion plays no significant role in determining nucleon structure.
The presence of such effects, which cannot be accounted for by OPEP's generated from effective NN vertices, suggests the necessity of addition non-mesonic contributions to the attractive part of the NN force.
.. "' The notation is as follows: the subscripts 'd' and 'e' refer to direct and exchange matrix elements, respectively.
Results quoted are for 3
He; those for ~ are identical,
. with the exception that the last three entries do not occur.
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